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TNF-RBLATED PROTEINS

Field of the Invention

The present invention Hates to proteins that are involved in

5 inflammation and immunomodulation, particularly in B eel! growth,

survival, or acta*vation. The invention further relates to proteins related to

the tumor necrosis factor (TNF)/nerve growth factor (NGF) supeitfarraly

and related nucleic acids, expression vectors, host cells, and binding

" assays. Hie specification also describes compositions and methods for the

A (ft 10 treatment of immune-related and inflammatory, autoimmune and other

9 C
immune-related diseases or disorders, such as rheumatoid arthritis {RA),

£ Crohn's disease {CD), lupus, and graft versus host disease (GvHD).

£ The invention also relates to receptors for these IMF-related

proteins and methods and compositions for the treatment of inflammatory

^ 15 and immune-related diseases and disorders using the receptors,

j.
Background of the Invention

ft After years of study uvnecrosis of rumors, tumor necrosis factors

(TNFs) a and p were finally cloned in 1984. The ensuing years witnessed

the emergence of a siiperfamily ofIN? cytokines, including fas ligand

2 0 (FasL), CD27 %and (CD27L), CD30 ligand (CD30L), CD40 ligand

(CD40L), TNFrelated apc^toVindudng ligand (TRAJU also designated

AGF-1), osteoprotegerm binding protein (OPG-BP or OPG ligand), and ^
IBB ligand This family is unified by its structure, particularly at the C-

tenrunus. In addition, most members known to date are expressed in

2 5 immune compartments, although some members are also expressed in

other tissues or organs, as well. Smith (1994), Csli 959-61

If is therefore an object of the invention to identify proteins and

nucleic adds related to INFs, Such proteins are believed to play a role in
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w A-570-P

inflammatory and immune processes, suggesting their usefulness in

treating autoimmune and inflammatory disorders.

Summary of the Invention

In accordance with thepresent invention, a novel member of the

5 tumor necrosis /actor family is described. Unlike other members of this

family, the receptor for this member is primarily expressed in B cells, and

its expression correlates to increases in the number of B cells and

immunoglobulins produced. The natural, preferred human ortholog is

L;

here called AGP-3 and contains 255 amino acids; the mouse ortholog, 309

5) 10 amino adds. The protein is a type H transmembrane protein and has an

amino terminal cytoplasmic domain, a transmembrane domain, and a

SZ
carboxy terminal extracellular domain. TNF-reiated proteins of the

£ invention may be membrane-associated or in soluble form, r&combmanlly

produced or isolaied after natural production.

£ 15 The invention provides for nucleic adds encoding such TNF-related

|j
proteins, vectors and host ceils expressing the polypeptides, and methods

[!|
!or producing recombinant proteins. Antibodies or fragments thereof that

\Z specifically bind proteins are also provided.

The subject proteins may be used in assays to identify cells and

2 0 issues that express AGP-3 or rela ted'proteins, and to identify new

related proteins. Methods of identifying compounds that interact with

AGP-3 protein are also provided. Such compounds include nucleic adds,

peptides, proteins, carbohydrates, lipids or small molecular weight

organic molecules and may act either as agonists or antagonist of AGP-3

25 protein activity.

AGF-3-related proteins' are involved in B cell growth, survival and

activation, particularly in the lymph node, spleen, and Feyer's patches,

AGP-3 agonists and antagonists thus modulate B cell response and may be

used to treat diseases characterized by inflammatory processes or

- 2 -
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deregulated immune response, such as RA, GvHD, CD, iupus, and the

like. Pharmaceutical compositions comprising AGP-3 proteins and AGP-3

agonists and antagonists are also encompassed by the invention.

Description of the Figures

Kgure 1 shows the sequence of human AGP-3. Nucleic add and

amino add sequences of human AGP-3 are indicated (SEQ ID NOS: ] and

lt respectively). The predicted transmembrane region is underlined.

Potential N-liriked gjycosyiation sales are shown in boldface.

Figure 1 shows the sequence of murine AGP-3. Nucleicacid and

amino add sequences of murine AGP-3 are indicated (SEQ ID NOS: 3 and

4, respectively). The predicted- transmembrane region is underlined.

PoEentiaJ N-linked glyccsyia Bern sites are shown in boldface.

Figure 3 shows an alignment ofhuman and murine AGP-3, aJong

with a consensus sequence (SEQ ID NO: 5), The predicted human and

murine AGP-3 protein sequences were aligned by Fileup with gap

creation penalty (12) and gap extension penalty (4) (Wisconsin GCG
Package, Version 8.1, Genetics Computer Group Inc., Madison,

Wisconsin). The consensus sequence was determined by Lineup

(Wisconsin GCG Package, Version 6.1). The transmembrane regions from

amino acid 47 to 72 in human AGP3 and from amino acid 4& to 73 in

murine AGP3 are underlined* The N-tenninal intracellular domain

resides from amino add 1 to 46 in human AGP3 and from amino acid 1 to

47 in murine AGP3. The Gterminal extracellular domain is localized from

ammoadd73to2B5mhtiir^AGF3,3rd^ The

human and murine AGP-3 share 68% amino add identity overall. The C-

terminus of AGP-3 is more conserved between human and mouse, with

87% identity over a 142-amino add length* Tire putative conserved beta

strands are indicated at the top, with the amino adds forming the putative

strands underlined.
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Figure 4 shows human and murine AGP-3 mRMA tissue

distribution. Human tissue northern blots (A) and murine tissue northern

blots (B) were probed with ^-labeled human AGF-3 probe (A) or murine

AGP-3 probe. The probed blots were exposed to Kodak film for 1 8 hours

5 (A) or seven days fB).

Figure 5 shows histology analysis of AGP-3 transgenic mouse

spleen. The spleen sections from control mouse (A, C and E) and AGP-3

transgenic mouse (B, D# and F) were stained with hematoxylin and exosin

(A and 8), anti-mouse B22G (C and D) or anti-mouse GD3 (E and F). The

1 0 spleen of the transgenic mouse was enlarged, mainly due to the increase of

size and number of the follicles. The B csil staining areas in the spleen

follicles in the transgenic mouse were enlarged. The T cell number was

slightly diminished,

Bgure 6 shows histology analysis of AGP-3 transgenic mouse

15 lymph nodes. The lymph node sections from control mouse {A, C and E)

and AGP-3 transgenic mouse (B, D, and F) were stained with hematoxylin

and exosin {A and B), anti-mouse B220 (C and D) or ana-mouse CD3 (E

and F). The lymph node size of the transgenic mouse was enlarged. The B

cell number was greatly increased in the transgenic mouse. Instead of '

2 0 restricted to marginal zones of the folb'des as in the control mouse, the B

cells also filled out the follicular area in the \ymp}\ nodes of the transgenic

mouse. The T cell number was decreased in the transgenic mouse as

compared to the control

Figure 7 shows histology analysis of AGP-3 transgenic mouse

25 Foyer's patches. The Feyers patches sections from controi mouse {A, C
and E) and AGP-3 transgenic mouse (B, D r and F) were stained wi th

hematoxylin and exosin (A and B), anti-mouse B2Z0 (C and D) or anti-

mouse CD3 (E and F). The histologic and immunorustologic changes were

similar to the changes in the lymph node of the transgenic mouse.
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Figure 8 shows FACS analysis of thymocytes, splenocytes and

lymph node cells from AGP-3 transgenic mouse 5ingle-<:ell suspensions

were prepared from spleen, lymph nodes and thymus from 10 AGP-3

transgenic mice and 5 control littermates. Cells were stained with FITC or

PE-conjugated monoclonal antibodies against Thy-1,2, CDllb, Gr-1,

C04 or CDS. The B cell population increased by 1DG% in the transgenic

mice as compared to the control mice. IheT cell population decreased

approximately 36%, with similar reductions in both GD4+ and CD8+

populations. Similar changes* though to a lesser degree, were observed in

splenocytes* No differences in thymocyte staining were observed between

the transgenic or control group.

Figure 9 shows a sequence comparison of the C4erminaJ region of

members of the TNF ligand family determined via P&eup (Wisconsin GCG

Package, Version 8,1). Amino acid numbers are indicated on the left side.

The putative conserved beta strands and loops are indicated at the top.

The predicted N-glyccsyiation sites are indicated with asterisks. The top

line shows the consensus sequence (SEQ ID NO: 6)> The remaining lines

show the sequence for the C-tominal region of the mammalian TNF-

related protein identified (SEQ ID NOS: 7 to 24}.

Detailed Description of the Invention

The following definitions apply to the terms used throughout this

specification, unless otherwise limited in specific instances.

The term "AGP-3 related protein" refers to natural and

recombinant proteins comprising the following sequence:

QDCLOLIADSXTPTIXKGXYTPVPI-^LSF

(SEQIDNCH25)

wherein "X" may be any naturally occurring amino add residue. This

sequence is a consensus of the B and B' jJ-sheets and B/B' loop of hAGF3

and mAGP3 {see Figure 3), which is believed to be the specific receptor
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«1

binding site. Preferred AGF-3 related proteins comprise both the B/B'

consensus and the E/F consensus:

AMGKXZQJUCKVHVFGDELSLVTLFR

(5EQIDN0;26)

5 The E/F region is also believed to be involved in receptor binding. More

preferred proteins are those comprising the consensus of the B-I region;

QDCLQLIAD3 XTPTIXKGXY TFVPWLLSFK RGXAtEEKEN KIKVXXTGYF

FIYXQVLVTD XXXAMGHXIQ RKKVHVFGDE L5LVTL?RCX QNMPXTLPNU

SCVSAGIAXL EEGDEXQUI PREKAQXSXX GDXTFFGALK LL

10 (5EQIDNO:27)

Most preferred proteins comprise the full C-terminal consensus sequence

{$£Q ID NO: 5) or the B»l region of the human AGP-3 sequence (SEQ ID

NO: 2), Such sequences can be included in naturally occurring proteins,

truncated naturally occurring proteins, or recombinant and synthetic

15 proteins. Recombinant and synthetic AGP-3 related proteins may be

formed by fusion of the AGP-3 derived fragment with unrelated

molecules or molecular domains (e.g., Fc regions), domain swapping with

other TNF family members {ag., substitution of SEQ. ID. NO; 6 or NOS: 6

and 7 in a sequence derived from a different TNF family member),

2 0 antibody grafting (e,g„ substituting SEQ, ID, NO. 6 for an antibody CDR),

or other modifications* Such proteins are discussed further hereinbeW.

The proteins may alsobe modified by linkage to a carbohydrate [e-gv

dextran) or a water-soluble polymer (eg*, PEG). The proteins within Ihia

definition may also include substitution with amino adds serving as sites

2 5 for attachment of non-protein groups (e,gv glyeosylatictn sites). AH such

proteins are encompassed by the term 'AGP-3 related protein/

"AGF-3 related activity" means that a natural or recombinant

frotein, analog, derivative or fragment is capable of modulating B cell

growth, survival, or activation, pajbtularty in MLN, spleen, and Feyer's

3 0 patches. Such activity can be deSermined, for example, by such assays as

- 6 -
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described in Example 5 hereinafter, which may be modified as needed by

many methods known to persons having ordinary skill in the art

An "analog" of an AGP*3 protein refers to a polypeptide within the

definition of *AGP-3 related protein" that has a substitution or addition of

one or more amino adds such that the resulting polypeptide has at least

the property of elidting B cell growth, survival, or activation. Such

analogs will have substitutions or additions at any place along the

polypeptide. Preferred analogs include those of soluble AGP-3 related

proteins. Fragments or analogs maybe naturally occurring, such as a

polypeptide product of an allelic variant or a mRNA splice variant or

they may be constructed using techniques available to one skiUed in the

art for manipulating and synthesizing nucleic adds. The polypeptides

may or may not have an amino 'terminal methionine residue,

A "derivative"' of an AGF-3 protein is a polypeptide within the

definition of
M
AGP-3 related protein" that has undergone post-

translafcional modifications. Such modifications include, for example,

addition of N-HnJced or O-Jinked carbohydrate chains, processing of

N-lerminal or C-lerminal ends, attachment of chemical moieties to the

amino acid backbone, chemical modifications ofWinked or Olihked

carbohydrate chains, and addition of an N-texminal methionine residue

due to prokaryotichost cell expression. In particular, chemically modified

derivatives of AGF;3 related protein that provide additional advantages

such as increased stability, longer circulating time, or decreased

immunogenidty are contemplated. Of particular use is modification with

water soluble polymers, such as polyethylene glycol and derivatives

thereof {set for example U5. Patent No, 4,179,337). The chemical moieties

for derivitization may be selected from water soluble polymers such as

polyethylene glycol, ethylene glycol/propylene glycol copolymers,

carboxymethylcEliulase, dextran, polyvinyl alcohol and the like. The
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polypeptides may be modified at random positions within ihe molecule,

or atpredetermined positions within the molecule and may include une,

two, three or more attached chemical moieties. Polypeptides may also be

modified at pre-determiried positions in me polypeptide, such as at the

5 amino terminus* or at a selected lysine or arginine residue within the

polypeptide. Other chemical modifications provided include a detectable

label, such as an enzymatic fluorescent, isotopic or affinity' label to allow

for detection and isolation of the protein.

The term "protein" refers to polypeptides regardless of length or

10 origin, comprising molecules that are recombinantly produced or

naturally occurring, full length or truncated, having a natural sequence or

mutated sequence, with or without post-translabonal modification,

whether produced in mammalian ceils, bacteria] cells, or any other

expression system,

15 The inven b'on provides for a protein referred to as an AGP-

5

protein, which primarily acts on B cells. An EST bearing a portion of the

AGP-3 sequence was obtained from ahuman fetal liver spleen cD^A

library. A labeled cDNA fragment was used to probe a human spleen

cDNA phage library (Example 1), The cDNA encoding a human AGP-3

20 was isolated from this phage library. The human protein is a type U

transmembrane protein, having a short N-fcmunal intracellular region

that differed from other members of the TNF ligand family and a long C-

terminal extracellular region that comprises most of the conserved region

of theTNF ligand family*

25 An EST encoding a murine ortholog was identified by BLAST

search of Gensbank using the human AGP-3 semience. The corresponding

cDNA done was obtained from a mouse lymph node library and used to

probe a mouse spleen cDNA phage library (Example 2), The cDNA

encoding a murine AGP-3 ortholog was isolated from this phage library.



Northern blots were used to detente tissue distribution of

transcription of AGP-3 (Example 3). In murine tissue, AGP-3 mKNA was

detected mainly in spleen, lung, liver, and kidney. In human tissue, AGP-

3 mKNA was detected predominantly in peripheral blood leukocytes,

5 with weaker transcription in spleen, lung, and small intestine (see Figures

4A and4B).

The murine ortholog of AGP-3 was overexpressed in transgenic

mice (Example 4). In these transgenic mice, serum globulin and total

protein levels increased greatly over control littermaies while the albumin

£ 10 level remained the same (Example 5), The mice also exhibited increases in

^ the size and number of follicles in the spleen, lymph nodes, and Payer's

^ patches [Figures 5, 6, and 7). In their MLN, the mice exhibited 100%

\l increases in the number of cells expressing CD45 receptor with

& concomitant decreases in cells expressing CD90, CD4, and CDS. These
»

I* IS results correspond to an increase in the fl cell population and a decrease in

the T cell population in the MLN (Figures 6 and 8)* Similar results were

t obtained in the spleen, but to a lesser extent figures 5 and B),

Lb

£ Niiclek Adds

The invention provides for isolated nucleic acids encoding AGP-3

20 related proteins. As used herein, the term nucleic add comprises cDNA,

genomic DNA, wholly or partially synthetic DNA, and RNA- These

nudeic adds may be prepared or isolated as described in the working

examples hereinafter or by nudeic add hybridization thereof.

Nudeic add hybridization typically involves a multi-step process.

25 A first hybridization step forms nucleic add duplexes from single strands,

A second hybridization step under more stringent conditions selectively

retains nuddc add duplexes having the desired homology. The conditions

of the first hybridization step are generally not crudai, provided they are

not of higher stringency than the second hybridization step. Generally, the

- 9 .
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second hybridization is carried out under conditions of high stringency,

wherein "high stringency'"
7
conditions refers to conditions of temperature

and salt that are about 12-20 below the melting temperature (Im) of a

perfect hybrid of part or all of the complementary strands corresponding

5 to Figure 1 (SEQ ID NO: 1) and Figure 2 (SEQ ID NO: 3). In one

embodiment, *high stringency" conditions refer to conditions of about 65

*C and not more than about 1 fcj Na\ It is understood that salt

concentration, temperature and/or length of incubation may be varied in

either the first or second hybridization steps such that one obtains the

10 hybridizing nudeie add molecules according to the invention. Conditions

* for hybridisation of nucleic adds and calculations of T„ for nucleic acid

hybrids are described in Sambrook eJLa]. (1989), Mple^fcr,,Porting;A

L^,Qia3my-MflOaa> Cold Spring Harbor Laboratory Press, Mew York.

The micJeic adds of the inventionmay hybridize to part or all of the

15 polypeptide coding regions of ACP-3 related proteins (e.g, SEQ ID NOS:

2 and 4 as shown in Figures 1 arid 2) and therefore may be truncations or

extensions of thenudek add sequences shown therein. Truncated or

extended nudeic adds are encompassed by the invention provided that

the encoded proteins retain AGP-3 related activity. In one embodiment,

20 the nudeic acid will encode a polypeptide of at least about 10 amino acids.

In another embodiment, the nudeic acid wiii encode a polypeptide of at

least about 20 amino acids. In yet another embodiment* the nudeic add

ivill encode a polypeptide of at least about SO amino adds. The

hybridising nudek adds may also indude noncoding sequences located 5*

2 5 and/or 3' to the coding regions for the AGP-3 related protein. Noncoding

sequences include regulatory regions involved in expression of AGP-3

related protein, such as promoters, enhancer regions, translations!

initiation sites, transcription termination sites and the like.

- 10 -
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In preferred embodiments, the nucleic adds of the invention

encode mouse or hurnar* AGP-3 related protein. Most preferred are the

nudek adds encoding proteins ofSEQID NOS: 1 and 1 Nudeic adds

may encode a membrane-bound form of AGP-3 related protein or soluble

5 forms that lade a functional transmembrane region. Forhuman AGP-3

related protein, the predicted transmembrane region mdudes amirto add

xeadues 47-72 tndusive as shown in Figure I {SEQ. ID. MO 2); for murine

AGP-3 related prolein, residues 48-73 indusive as shown in Bgurc 2 (SEQ

ID NO: 4), Substitutions that replace hydrophobic amino add residues in

£ 10 this region with neutral or hydrophilic amino add residues wouJd be

?- expected to disrupt membrane assodation and result in soluble AGP-3

£ related prolein. In addition, deletions of part or all the transmembrane

£ region would also be expected lo produce soluble forms of AGP-3 related

f protein. Nuddc adds encodingSEQ ID NO: 5 as shown in figure 3 or

S 15 fragments and analogs thereof, encompass soluble AGP-3 related proteins.

£ Nucleic add sequences of the invention may also be used for the

'1 detection of sequences encoding AGP-3 related prorein in biological

Z samples. In particular, the sequences may be used to screen cDNA and

genomic libraries for related AGP-3 related protein sequences, especially

2 0 those from other spedes. The nudeic adds are also useful for modulating

levels of AGP-3 related protein by anti-sense technology or m.viVQ gene

expression. Development of transgenic animals expressing AGP-3 related

protein is useful for production of the polypeptide and for the study ofin

vjva biological activity.

The nucldc adds of the invention will be linked withDNA

sequences so as to express biologically active AGP-3 related protein.

Sequences required for expression are known lo those skilled in the art

and indude promoters and enhancer sequences for initiation of RNA

- 11 -
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synthesis, transcription termination sites, ribosome binding sites for the

initiation cf protein synthesis, and leader sequences for secretion.

Sequences directing expression and secretion of AGP-3 related protein

may be homologous, le.f the sequences are identical or similar la those

sequences in the genome involved in AGP-3 related protein expression

and secretion, or they may be heterologous, A variety of plasmid vectors

are available far expressing AGP-3 related protein in host cells {see, for

example, Methods in_fcrffimplj
?fly

v. 185, GoeddeL D.V. ed.. Academic

Press (1990)}. For expression in mammalian host cells, a preferred

embodiment is plasmid pDSRtt described in PCT Application

No. 9D/14363. For expression in bacterial host cells, pre/erred

embodiments include piasmids harboring the lux promoter [see co-owned

and co-pending US. Serial No. 03/577^7^ filed December 22, 2995). In

addition vectors are available for the tissue-specific expression of AGP-3

related protein in transgenic animals, Gene transfer vectors derived from

retrovirus (RV), adenovirus (AdV), and adeno-assodafed virus (AAV)

may also be used for the expression of AGP-3 related protein in human

cells for in viyo therapy (see PCT Application No. 86/00922).

Profeajyotk and eukaryotic host cells expressing AGF-3 relaled

protein are also provided by the invention. Host cells indode bacterial,

yeast, piant, insect or mammalian cells. AGP-3 related protein may also be

produced in transgenic animals, such as mice or goats. PIasmids and

vectors containing the nucleic adds of the invention are Introduced into

appropriate host cells using transfection or transformation techniques

known to one skilled in the ait Host cells may contain DNA sequences

encoding AGP-3 related protein as shown in Hgurt 1 r 2, or 3 or a portion

thereof, such as the extracellular domain or the cytoplasmic domain.

Nudek adds encoding AGP-3 related proteins may be modified by

substitution of codons that allow for optimal expression in a given host.

- 12 -
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At least some of the cedents may be so-called preference codons that do

not alter the amino add sequence and are frequently found in genes that

are highly expressed However, it is understood that codort alterations to

optimize expression are not restricted to the introduction of preference

codons. Examples ofpreferred mammalian host ceils for AGP-3 related

protein expression include, but are not limited to COS, CHGd-, 293 and

3T3 cells.A pre/erred bacteria] host cell is By&siEeMfrfflK.

The invention also provides AGP-3 related protein as the product

of protkaryotk or eukaryotk expression of an exogenous UNA sequence-

Exogenous DNA sequences include cDNA, genomicDNA and synthetic

DNA sequences, AGP-3 related protein may be the product of bacteria],

yeast, plant, insect or mammalian cells expression, or From ceU-free

translation systems* AGP-3 related protein produced in bacSerial cells will

have an N-terrninal methionine residue* The invention also provides for a

process of producing AGP-3 Telated protein comprising growing;

prokaryotic or eukaryotk host cells transformed or translated with

nucleic adds encoding AGP-3 related protein and isolating polypeptide

expression products of the nucleic acids.

Polypeptides that are mammalian AGP-3 related proteins or are

fragments, analogs or derivatives thereof are encompassed by the

invention* In a preferred embodiment, the AGP-3 related protein is human

AGF-3 related protein. A fragment of AGP-3 related protein refers to a

polypeptide having a deletion of one or more amino adds such that the

resulting polypeptide has at least the property of eliddng B cell grovrth,

survival, or activation, especially in mesenteric lymph nodes, Sard

fragments will have deletions originating from the amino terminal end,

the carboxy terminal end, and internal regpons of the polypeptide.

Fragments of AGP-3 related protein are at least aboul ten amino acids, at

~ 13



least about 20 amino acids, or at least about 50 amino adds in length. In

preferred embodiments, AGP-3 related protein will have a deletion of one

or more amino adds from the transmembrane region {amino add residues

46-73 as shown in Figure 1), or, alternatively, one ormore amino adds

5 from the ammo-terminus up to and/or including the transmembrane

region (amino add residues 1-73 as shown in Hgure 1).

The invention further comprises AGF-3 related protein chimeras.

Such proteins comprise part or all of an AGP-3 related protein amino add

sequence fused to a heterologous amino add sequence. The heterologous

1 0 sequence may be any sequence that allows the resulting fusion protein to

retain AGP-3 related activity. In preferred embodiments, a heterologous

sequence is fused to a sequence comprising an AGF-3 related protein's

B/B" region (SEQ IDNO 25), the B/B' region and the E/F region {SEQ ID

NO: 26} or the more complete B-J region (SEQ ID NO: 27), Such

15 heterologous sequences indude cytoplasmic domains that allow for

alternative intracellular signaling events, sequences thai promote

otfgomeritation (e.g.; the Fc region of IgG), enzyme sequences that

provide a label for the polypeptide, and sequences that provide affinity

probes (e.g„ an antigen-antibody recognition site).

2 0 The polypeptides of the invention are isolated and purified from

tissues and cell lines that express AGF-3 related protein, either extracted

from lysates or from conditioned growth medium, and from tansformed

host cells expressing AGP-3 related protein. Human AGP-3 related

protein,, or nudeit adds encoding same, may be isolated from human

2 5 tymph node or fetai liver tissue. Isolated AGP-3 related protein is free

from assodation with human proteins and other cell constituents,

A method for purification of AGP-3 related protean from natural

sources (e.g. tissues and cell lines that normally express an AGF-3 related

protein} and from transfected host cells is also encompassed by the

- 14 -



A-570-P

invention. The purification process may employ one or more standard

prolan purification steps in an appropriate order to obtain purified

protein* The chromatography steps can include ion exchange, gel

filtration, hydrophobic interaction, reverse phase, chromatofocusing,

affinity chromatography employing an anH-AGP-3 related protein

antibody or biofrvstreplavidin affinity complex and the iike-

Antibodies

Antibodies specifically binding the polypeptides of the invention

are also encompassed by the invention- The antibodies may be produced

by immunization with full-length AGP-3 related protein, soluble forms of

AGP-3 relaled protein, or a fragment thereof. The antibodies of the

invention may be polyclonal or monoclonal, or may be recombinant

antibodies, such as chimeric antibodies wherein the murine constant

regions on light and heavy chains are replaced by human sequences, or

CDK-grafted antibodies wherein only the complementarity determining

regions are of murine origin. Antibodies of the invention may also be

human antibodies prepared, for example, by immunization of transgenic

animals capable of producing human antibodies (see, for example,PCT

Application No, WG93/12227). The antibodies are useful for detecting

AGP-3 related protein in biological samples, thereby allowing the

identification of cells or tissues that produce tiie protein In addition,

antibodies that bind to AGP-3 reiated protein and block interaction with

other binding compounds may have therapeutic use in modulating B cell

growth, activation, and/or proliferation.

Antibodies to AGP-3 related proteins may be useful in treatment of

immune-related diseases or conditions. Such antibodies may bind to AGP-

3, preventing AGP-3 binding to its receptors, and are thus competitive

inhibi-brs (Le„ having AGP-3 antagonistic activity). Antibodies can be

tested for binding to AGF-3 related protein and exarniried for their ability
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to inhibit AGP-3-medialed B cell growth, survival or activation associated

with the disease or condition {set Bxample 5),

It is also anticipated that fragments, derivatives or analogs that Lack

AGP-3 agonistic adivi ty will act as antagonist of the ligandtfeceptor

interaction and inhibit ligand-medialed activity of the AGP-3 related

protein. Such antagonists am be examined for their ability to inhibit AGP-

3-mediated B ceJl growth, survival, or activation associated -with the

disease or condition (see Example 5).

£nmpnsjfiflps

The invention also provides /or pharmaceutical compositions

comprising a therapeutically effective amount of the AGP-3 related

protein of the invention together with a pharmaceutical!/ acceptable

diluent, carrier, salubilizer, emulsifies preservative and/or adjuvant. The

invention also provides for pharmaceutical compositions comprising a

therapeutically effective amount of an AGP-3 related piotein agonist or

antagonist The term "therapeutically effective amount" means an amount

that provides a tiWapeub'c effect for a specified condition and route of

administration. The composition may be in a liquid or Iyophitized form

and comprises one or more of the following:

• a diluent (e.g. r Tris, acetate or phosphate buffers) having various

pH values and ionic strengths;

• a solubiliier (e*g., Tween or Polysorbate);

• carriers (e,g*, human serum albumin or gelatin);

• preservatives (&g., thimerasal or benzyl alcohol); and

• antioxidants (e-g., ascorbic acid or sodium metabisulfite).

Selection of a particular composition will depend upon a number of

factors, including the condition being treated, the route of administration

and the pharmacokinetic parameters desired A more extensive survey of

component suitable for pharmaceutical compositions is found in
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activity associated with AGP-3 related protein, such as ability to eUdt B

cell growth, survival, or activation inMIX spleen, and Peyer's patches.

Typically, an agonist or antagonist may be a co-factor, such as a protein,

peptide, carbohydrate, lipid orsmall molecular weight molecule, that

5 interacts with AGP-3 related protein to regulate its activity. Potential

polypeptide antagonists include antibodies that react with cither soluble

or membrane-associated forms of AGP-3 related protein, and soluble

forms ofAGP-3 related protein that comprise part or ail of the

extracellular domain of AGP-3 related protein. Molecules that regulate

1 0 AGP-3 related protein expression typically include nucleic adds that are

complementary to nucleic adds encoding AGP-3 related protein and that

act as anti-sense regulators of expression*

AGP-3 and agonists thereofmay be particularly useful in treatment

of mflammatory conditions of the joints. Inflammatory conditions of a

1 5 joint are chronic Joint diseases that afflict and disable, to varying degrees,

auliions of people worldwide. Rheumatoid arthritis is a disease of

" articular joints in which the cartilage and bone are slowly eroded away by

a proliferative, invasive connective tissue called pannus, which ts derived

from the synovial membrane. The disease may involve peri-articular

2 0 structures such as bursae, tendon sheaths and tendons as well as extra-

articular tissues such as the. subcutis, cardiovascular system, lungs, spleen,

lymph nodes, skeletal muscles, nervous system (central and peripheral)

and eyes (Silberberg (1985), Anderson's Pathology, Kissane (e&), 11*1828).

Osteoarthritis is a common joint disease characterised by degenerative

25 changes in articular cartilage and reactive proliferation of bone and

cartilage around thejoint Osteoarthritis is a cell-mediated active process

that may result from the inappropriate response of chondrocytes to

catabolic and anabolic stimuli. Changes in some matrix molecules of

articular cartilage reportedly occur in early osteoarthritis {Thenar et al
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(1993), Rheumatic disease clinics of North America, Moskowiu (ed<),

19:63^657 and Shinmei et al. (1992), Arthritis Rheum, 35:130^130B).

AGP-3 and agonists thereof are believed to be useful in the treatment of

these and related conditions.

AGP-3 related protein and agonists or antagonists thereof may also

be useful in treatment of a number of addi&'cma! diseases and disorders,

including acute pancreatitis; AIS; Alzheimer's disease; cachexia/ anorexia;

asthma; atherosclerosis; chronic fatigue syndrome, fever; diabetes {e.gv

insulin diabetes); glomerulonephritis; graft versus host rejection;

hernohomgic shock; hyperalgesia, inflammatory bowel disease;

inflammatory conditions of a pint, including osteoarthritis, psoriatic

arthritis and rheumatoid arthritis; ischemic injury, including cerebral

ischemia (e.g,, brain injury as a result of trauma, epilepsy, hemorrhage or

stroke, each of which may lead to neurodegeneration); lung diseases (e.g.,

ARDS); multiple myeloma; multiple sclerosis; myelogenous {e.g., AML

and CML) and other Jeukemias; myopathies (e.g_, muscle protein

metabolism, esp, in sepsis); osteoporosis; Parkinson's disease; pain; sleep

disturbance; neurotoxicity {tg*, as induced by HIV);learning impairment;

preterm tabor; psoriasis; reperrusion injury; septic shock; side effects from

radiation therapy, temporal mandibular joint disease, tumor metastasis; or

an inflammatory condition resulting from strain, sprain, cartilage damage,

trauma, orthopedic surgery, infection or other disease processes.

Agonists and antagonists of AGP-3 related protein may be

administered atone or in combination with a therapeutically effective

amount of other drugs, including analgesic agents, disease-modifying

antirheumatic drugs (DMARDs), non-steroidal anti-inflammatory drugs

(NSAlDs), and any immune and/or inflammatory modulators. Thus,

agonists and antagonists of AGP-3 related proteinmay be administered

with:



• Modulatots of other members of the TNF/TNT receptor family,

including 7NF antagonists, such as EnbrelTivt, sTNF-EI, and

AvakineTM.

» Nerve growth fador (NGF) modulates,

5 * inhibitors, such as IL-lra, antibodies, solubilued IL-l

receptor, and the JiJce.

• IL-6 inhibitors (e.g., antibodies to JL-6).

• IL-fl inhibitors (e.gv antibodies to JL-8).

: • 1MB inhibitors (e.gv 1MB binding protein or IL-18 antibodies).

j£ 10 * Interleukin-1 converting enzyme (ICE) modulators.

U • Transforming growth factory (TGF-p ), TCF-p family members,

£ and TGF-ji modulators.

^ » Fibroblast growth factors FGF-l to FGF-10, andFGF

^ modulators*
i

C 15 * Osteoprotegerm (OPG) and OPG analogues.

u * PAF antagonists,

jt

^ Keratinocyte growth factor (KGF), KGF-related molecules, and

KGF modulators.

• COX-2 inhibitors, such as Celebrex™ and Vioxx™.

20 • Prostaglandin analogs (e-g., E series prostaglandins).

• Matrix metalloproteinase (MMP) modulators,

Nitric oxide synthase (NOS) modulators, including modulators

of inducibleNO&

• Modulators of glucocorticoid receptor,

25 • Modulators of glutamate receptor.

• Modulators of Upopolysaccharide (LPS) levels.

• Anti-cancer agents, including inhibitors of oncogenes (eg., fos,

jun) and interferons.
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* Noradrenaline and modulators and mimetics thereof.

ftsyay Methods of Use

AGP-3 rela ted proteins may be used in a variety of assays for

detecting AGP-3 receptors, agonists, antagonists and characterizing

5 interactions with AGP-3 related proteins. In general, the assay comprises

incubating AGP-3 related protein under conditions that permit

measurement of AGP-3 related activity as defined above/Qualitalive or

quantitative assays may be developed* Assays may also be used to

identify new AGP-3 agonists or antagonists and AGF-3 related protein

£T 10- family mercbers-

Binding of natural or synthesized receptor, agonist, or antagonist to

^ AGP-3 related protein may be carried out in several formate, including

\+

\Z cell-based binding assays, membrane binding assays, solution-phase
tm

assays and immunoassays. In general, trace levels ofa labeled binding

2* 15 molecule are incubated with AGP-3 related protein samples for a specified

ft period of time followed by measurement of bound molecule by filtration,

(I electrcK^emilununescent (ECU QKIGEN system by IGEN), cell-based or

immunoassays. Homogeneous assay technologies for radioactivity (SPA;

Amersham) and time-resolved fluoresence {HTRF, Packard) can also be

20 implemented. Binding is detected by labeling a binding molecule (e.g., an

anti-AGP-3 antibody) with radioactive isotopes (VSl 355, 3H), fluorescent

dyes (fluorescein), lanmanide (Eu3+) chelates oroyptates, orbipyridyl-

ruthenium (Ru
1
*) complexes. It is understood that the choice of a labeled

probe will depend upon the detection system used. Alternatively, a

25 binding molecule may be modified with an unlabeled epitope tag (&g.,

biotirv peptides, His^, myt) and bound to proteins such as sbeptavidin,

anti-pepdde or anti-protein antibodies that have a detectable label as

described above.
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Binding molecules in such assays may be nucleic adds, proteins,

peptides, carbohydrates, lipids or small molecular weight organic

compounds. The binding molecule may be substantially purified or

present in a crude mixture. The binding molecules may be further

5 characterized by their ability to increase or decrease AGP-3 related protein

activity in order to determine whether they act as an agonist or an

antagonist.

In an alternative method, AGP-3 related protein may be assayed

directly using polyclonal or monoclonal antibodies to AGP-3 related

1 0 proteins in an immunoassay* Additional forms of AGP-3 related proteins

containing epitope tags as described above may be used in solution and

immunoassays.

AGP-3 related proteins are also useful for identification of

intracellular proteins that interact with the cytoplasmic domain by 3 yeast

1 5 two-hybrid screening process. As an example, hybrid constructs

comprisingDNA encoding the hJ-terminat 50 amino adds of an AGP-3

related protein fused to a'yeast GAL4rDNA binding domain may be used

as a two-hybrid bait piasmid. Positive denes emerging from the screening

may be characterized further to identify interacting proteins. This

2 0 information may help elucidate an intracellular signaling mechanism

associated with AGP-3 related protein and provide intracellular targets for

new drugs that modulate inflammatory and immune-related diseases and

conditions,

A variety of assays may be used to measure the interaction of AGP*

25 3 related protein and agonists, antagonists, or other ligands frtafaa usmg

purified proteins. These assays may be used to screen compounds for their

ability to increase or decrease the rate or extent of binding to AGP-3

relaled protein. In one type of assay, AGP-3 related protein can be

immobilized by attachment to the bottom of the wells of a microriteT plate.
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A radiolabeled binding molecule and a test molecule can then be added

either one ai a time (in either order) or simultaneously to the wells. After

mcubarlan, the wells can be washed and counted using a scintillation

counter for radioactivity Id determine the extent of binding to AGP-3

5 reiated protein, Typtca%, molecules will be tested over a range of

concentrations, and a series of control wells lacking one or more elements

of the test assays can be used for accuracy in evaluation of the results. An

alternative to this method involves reversing the "positions" of the

proteins; i.e., Immobuizing a binding molecule to the mictrotiter plate

£ 10 wells, incubating with the test compound and radiolabeled related

protein, and determining the extent of binding. See. for example, chapter

^ 16 of Current Protocols in Molecular Biology (1995) {Ausubel £liL eds.),

£ John Wiley & Sons, Mew York, NY,

As an alternative to radiotabel&g, AGP-3 related protein or a

15 binding molecule may be conjugated to biotm and the presence of

ii* biotinykted protein can ihenbe detected using streptavidin linked to an

?^ enzyme, such as horseradish peroxidase (HRP) or alkaline phosphatase

(AF), that can be detected colorimefcrically, oi by fluorescent tagging of

streplavidiiv An antibody directed to AGP-3 related protein or a binding

20 molecule that is conjugated to bjotin may also be used and can be detected

after incubation with enzyme-linked streptavidin linked to AP or HKP.

AGP-3 related protein or a binding molecule may also be

immobilized by.artachment to agarose beads, acrylic beads or other types

Df such inert substrates. The substrate-protein complex can be placed in a

25 solution containing the complementary protein and the test compound;

after incubation, the beads can be precipitated by centrifugatfon, and the

amount ofbindingbetween AGP-3 related protein and a binding molecule

canbe assessed using the methods described above. Alternatively, the

substrate-protein complex can be immobi^ed in a column and the test

23 ~
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molecule and complementary molecule passed over the column.

Formation of a complex between AGP-3 rebtpd protein and the binding

molecule can then be assessed usingany of the techniques set forth above

{i.e., radaoJabelingr antibody binding, and the like).

Another useful Invito assay is a surface plasmon resonance

detector system, such as ihe Biacore assay system (Pharmacia/ Piscataway,

JSJJ). The Biacore system may be carried out using the manufacturer's

protocol This assay essentially involves covalent binding of either AGP-3

related pTOlein or a binding molecule to a dextran-coated sensor chip that

is located in a detector. The test compound and the other complementary

protein can then be injected into the chamber containing the sensor chip

eithersimultaneously or sequentially and the amount of complementary

protein that binds can be assessed based on the change in molecular mass

that is physically associated with the dextran-coated side of the of the

sensor chip; the change in molecular mass can be measured by the

detector system*

In vitro assays such as those described above may be used

advantageously to screen rapidly large numbers of compounds for effects

on complex formation with AGF-3 related proteiru The assays may be

automated to screen compounds generated in phage display, synthetic

peptide and chemical synthesis libraries.

Compounds that increase or decrease complex formation of AGP-3

related protein and AGF-3 binding molecules may also be screened in cell

culture using cells and cell lines bearing such ligands. Cells and cell lines

may be obtained from any mammal, but preferably will be from human cr

other primate, canine, or rodent sources. Such cells may be enriched from

other cell types by affinity chromatography using publicly available

procedures. Attachment of AGP-3 related protein to such cells is evaluated

in the presence or absence of test compounds and the extent of binding
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may be determined by, for example, flow cytometry using a biotmyteied

antibody to AGP-3 related protein. Cell culture assays may be used

advantageously to farther evaluate compounds that score positive in

protein binding assays described above.

The following examples are offered lo more fully illustrate ihe

invention, but are not construed as limiting the scope (hereof,

EXAMFLEl

Coning of Human AGP-3

ATNF family profile search of the Genbank dbEST data base was

performed. Smith £ial.{l&94),Ceil, 76: 959^2; tuethy eJUl.(1994) r SrfilfiiD

Science, 3: 13?4fi- One human EST sequence (GenBank accession number

T87299) was identified as a possiblenew member of theTNF HganrL The

EST was obtained fromhuman /eta) liver spleen cDNA tfbrary (The

WashlHvIerck EST Project). The cDNA done {113371 30 corresponding to

the EST sequence was obtained from Genome Systems, Inc. (St Louis,

MO). The cDMA fragment was released from the pT7T3D vector with

EeoRl and Not! digestion- the fragment was approximately 07kb in

length and was used for the subsequent full-length cloning.

The ^P-dCFF-labeled T57299 cDNA fragment was used as a probe

to screen a human spleen cDNA phage library (Stratagene, La Jolla, CA).

Recombinant phages were plated onto E, coli strainXU -blue at

approximately 5x10* trarttfonnanis per 150mm LB plate. Nitrocellulose

filters were lifted from these plates in duplicates. Filters were

prehybridiied in 5x SSC 50% deioniied formamide, 5x "Denhardt's

solution, 0.5% SDSj and 100 Jig/ml denatured salmon spermDNA for 2

hours at 42^ The filters were then hybridized in the same solution with

the addition of 5 ng/ml of labeled probe at 42*C overnight. The filters

were first washed in 2x SSC and 0.1% SDS for 10 minutes at RT twice, and
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then washed in CLlx SSC and GU% 5DS at 65 *C for 30 minutes twice. The

fillers were then exposed to autoradiography with intensifying screens at -

BO *C overnight Positive hybridizing plaques were determined by

aligning the duplicate filters, and then picked up for subsequent

secondary or tertiary screenbig HU single isolated positive plaque was

obtained. From total of one million recombinant phage clones, S positive

plaques were obtained

The pBluescript phagemid was excised from phage using the

ExAssist^/SOUt
1

* System according to the manufacturer's description

(Stratagene, La Jolla, CA). The excised phagemids were plated onto freshly

grown SOLft cells on LB/ampidilin plates and incubated overnight

Single bacteria colony was amplified in LB media containing 100 fig/ml

ampirillin. The plasmid DMA was prepared and both strands of cPNA

insert were sequenced.

The human AGP-3 cDNA {done 15*2} is 1.1 kb in length. It encodes

a LORF of 2S5 amino acids. FASTA search of the SwissProt database with

the predicted AGP-3 protein sequence indicated that it is mostiy related to

human TNFo with 25% identity in C-terminal 116 amino acid overlap.

Like otherIMF ligand family members, human AGP-3 protein is a type 0

transmembrane protein, containing a short N-terminal intracellular

domain (amino acids 1-46), a hydrophobic transmembrane region (amino

acids 47-68) following by a long C-terrninal extracellular domain {amino

add 69-2B5). The C-terminal extracellular domain of AGP-3 contained

most of the conserved region of the TNP Kgand family. Smith £tal(1994),

CelL 76: 959-62.

EXAMPLE 2

Goning of Murine AGP-3

An EST sequence (Genebank accession numberAA254047)

encoding a potential murine AGP-3 ortholog was identified by BLAST

26 -



A-570-P

search of Gexiebank dbBST database with human AGP-3 sequence. The

correspondingcDNA done (722549 5T from mouse lymph node library

was obtained from Genome Systems Inc. {St Louis, MO). The done

contained a 0.9 kb cDNA insert which could be released by EcoRI and

Hot! digestion. The 0.9 kb cDNA fragment encodes an open reading frame

of 96 amino adds which shares 87% identity with the corresponding C-

terminal human AGP-3 polypeptide sequence. A 0.41 kb BccRI-Xmnl

fragment, which contained 290 bp coding region and 120 bp 3' nonntoding

region, was used as probe tascreening a mouse spleen cDNA phage

library {Stratagene, la JolJa, CA) for full length murine AGP-3 cDNA as

described above. From one million recombinant phage clones, 6 positive

plaques were obtained The phagemid was excised from phage as

described above. The plasmid DNA was prepared and both strands of

cDNA insert were sequenced. The murine AGP-3 cDNA {clone S6)

encodes a polypeptide of 309 amino acids. Like its human ortholog,

murine AGP-3 is also a type JJ transmembrane region, containing a short

N-tenrrirtal mtraceliular domain (amino acid 1-46), a hydrophobic

transmembrane region (amino add 47-66) foUowing by a long C-lerminal

extracellular domain {amino add 69-285). The human and murine AGP-3

share 6B% amino acid sequence identity overall However, the C-termina!

142 amino add sequences share 87% identity between the two species.

Preceding the highly conserved C-ierminus region, there is an insertion of

30 extra amino adds in the murine AGP-3. Four out of 7 positive phage

plaques were independent clones, yet they all shared the same coding

sequences,

EXAMPLE 3

Expression of human and murine AGP-3 mRNA

Multiple human or murine tissue northern blots (Cbnteeh, Palo

Alto, CA) were probed with ^P-dCI? labeled human AGP-3 O.TVb EcoRI-
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NotI fragment or murine AGP-3 0.41kb EcoRl-Xmnl fragment,

respectively* The Northern blots were pnshybridized in 5x BSC, 50%

deionized formamide, 5xDenhardt*s solu tion, 0.5% SDS, and 100 jig/ml

denatured salmon sperm DNA for 2 hours at 42 *C The blois were then-

hybridized in the same solution with the addition of5ng/ml of labeled

probe at 42
eC overnight. Hie filters were first washed in 2x S5C and 0.1%

SDS for 10 minutes at KT twite, and then washed in (Xlx SSC and 0.1%

SDS at 65 *C for 30 minutes twice. The blots were then exposed to

autoradiography. The human tissue northern Mot analysts with human

AGP-3 probe under stringent conditions revealed predominant AGP-3

transcripts with a related molecular mass of 2.4Kb in peripheral blood

leukocytes (Figure 4A). Weaker expression was also detected in human

spleen, lung and small intestine (figure 4A)> Among murine tissues

analyzed, murine AGP-3 tnRNA, with a relative molecular mass of 2kb,

was mainly detected in spleen, lung, liver and kidney (Figure 40),

EXAMPLE*

Ovexeapression of murine AGF-3 in transgenic mice

Murine AGP-3 cDNA done 56 in pBiuescript SK(-) in pBiuescript

was used as template to PGR the entire coding region. T3 primer
t

5' AATTAA CCC TCA CTA AAG GG 3"

SEQIDNO:28

was used as 5' PCR primer* The 3' end KIR primer, which contained a

2£hp.I site, was

5' TCTCCC TCGAGATCACGCACT CCA GCAAGTGAG 3'

SEQIDNO-29

PCR reactions were carried in a volume of 50 )ii with J unit of ventDNA

polymerase {New England Biolabs) in 20mM Tris*HCl pH 8.8, 1 0nM

(NHJ^O,, 0,1% Triton-XlOO, 10 jiM of each dNT?, ] jiM of each primer

and 10 ng of murine AGP-3 cDNA template, iieaciaons were performed in
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94 *C for 45 s, 55
PC for 55 S, and 72

bC for 1 minutes, for a total of 35

cycles. Ths PCE fragment created a Xhol site at 3' end after the AGP-3

coding region. The 1 kb PGR fragment was purified by electrophoresis,

and digested with £bgl {present in the pBluescript MCS, BO bp upstream

S of AGP-3 starting Methione) and Xhol restriction enzymes. The Xb^I-X^l

PGR fragment was doned into expression vector under the control of the

human p-artin promoter, Graham elal{1997), NafareGenerks 17: 272-4;

Kay sialtf^l}, GfliealteY. 5: 2265-73, TheFCR fragment was sequenced

to ensure no mutation.The murine AGP-3 expression plasmid was

1 0 purified through two rounds of CsCI density gradient centrifugation. The

purified plasmid was digested withQsL and a 6 kb fragment containing

murine AGP-3 transgene was purified by gel electrophoresis. The purified

fragment was resuspended in 5 mM Tris, pH 7.4, G.2 mM EDTA at 2

ug/rnl concentration. Single-cell embryos from BDH x BDFl-bred mice

15 were injected as described (W097 /23614). Embryos were cultured

overnight in a CO, incubator and 15*20 2-cell embryos were transferred to

the oviducts ofpseudopregnant CD1 female mice.

Fouowing term pregnancy, 62 offspring were obtained from

implantation ofmicroinjected embryos. The offspring were screened by

2 0 FCR amplification of the integrated transgene in genomic DNA samples.

Ear pieces were digested in 20 |ll ear buffer (20mM Tris, pHfi.O, IGrnM

EDTA, 05% 5D5, 500 |ig/ml proteinase K) at 55
PC overnight The sample

was diluted with 230 p\ of TE, and 2^ll of the ear sample was used for the

PGR reaction- The $
f FCR primer

2 S 5' AAC AGG CTA TTTCTTCAT CTA CAG 3'

SBQIDNO:30

resided in the murine AGP-3 coding region* The 3' FCR primer

5
' CTC ATC AATGTA TCTTAT CAT GTC T 3'

5EQIDNO:31
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resided in the vector 3
f

to the murine AGP-3 transgene. The PCR reactions

were carried in a volume of 50 $ with 0.5 unit ofTag DNA polymerase

(Boehringer Mannheim, Indianapolis, IN) in 10mM Tris-HQ pH 83, 50

mM KG, 2.5 mM MgOj, 10 jiM ofeach dNTP, 1 jiM ofeach primer and 2

5 ul of ear sample. The mixtures were first heated at 94 "C for 2 min, and the

PCR reactions were performed in 94
aC for 30 s, 55 "C for 30 s, and 72 °C

for

45 5, For a total of 35 cycles. Of the 62 offspring, 10 were identified as PCR

positive transgenic founders,

10 At 8 weeks of age, all ten transgenic founders (animal 3, 6, 9, 10, 13,

35, 40, SB, 59, and 62) and five controls [animal 7, 8, 11, 12 and 14) were

sacrificed for necropsy and pathological analysis* Portions of spleen were

removed, and total cellular KNA was isolated from the spleens of all the .

transgenic founders and negative controls using the Total RNA Extraction

15 Kj t (Qiagen Inc., ChaxtswortK CA). The expression of the transgene was

determined by RT-FOt The cDNA was synthesized using the

Superscript™ Preamplification System according to the manufacturer's

instructions (Gibco BRL, Gaithersburg, MD). The primer

5' CTC ATC AAT GTA TCTTAT CAT GTC T 3'

20 £EQIDNO:32

which was located in the expression vector sequence 3* So the AGP-3

transgene, was used to prime cDNA synthesis from the transgene

transcripts. Ten ug total spleen UNA from transgenic founders and

controls were incubated with 1 pM of primer at 70*C for 10 min, and

25 placed on ice. The reaction was then supplemented with 10 mM Tris-HQ

pH 63, 50mM ICQ,, 2-5 mM MgCl*. 10 pM of each dNTP, 0.1 mM DTT

and 200U SuperscriptH RT. After incubation at 42 °C for 50 mia the

reaction was stopped by heating at 72 *C for 15 rjiin. Total UNA were

digested by addition of 2 U RNase H and incubation at 37 *C for 20 min.
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Subsequent FCR reactions were carried out by using murine AGP-3

specific primers- The 5'PCR primer was

5' AGCCGC GGCCAC AGG AAC AG 3
r

S£QIDNO:33

5 The 3*PCR primer was

5'TGG ATG ACATGA CCC ATA G 3'

SEQIDNO:34

The FCR reaction was performed in a volume of 50 ui with OS unit Tag

BNA polymerase in 10mM Tris-HQ pH B3, 50mM KCL. 15mM MgCL,

10 10 uM of each dNTF, 1 pM of each primer and 1 \xl ofcDNA product The

reaction was performed at 94 °C for 30 s, 55
ttC for 30 S, and 72 °C for 1

min, for a total of 35 cycles. The PCR productwas analyzed by

electrophoresis* Transgene expression was detected in the spleen of all ten

AGP-3 transgenic mice founders.

15 EXAMPLES

Biological activity of AGF*3

Prior to euthanasia, all animals were weighed, anesthetized by

isofluorane and blood was drawn by cardiac puncture. The samples were

subjected to hematology and serum chemistry analysis* The serum

2 0 globulin level in ail the AGP-3 transgenic mice (animal 3, 6, 9, 10, 13, 38,

40, SB, 59 and 62) increased more than 100% as compared to the control

littermates {animal 7, 8, 11, 12 and 14, Table 1), Total protein level also

increased correspondingly in the transgenic group, while albumin level

remained the same.No significant differences in other serum chemistry or

25 hematology parameters were observed at this age.

Radiography was performed after terminal exsanguinatioru There

was no difference in the radiodensiiy or radiologic morphology of the

skeleton. Upon gross dissection, major visceral organs were subject to

wdght analysis. The spleen weight relative to the body weight increased
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by approximately 45% in the AGP-3 transgenic group as compared to the

control mice. The sizes of lymph nodes and Peye/s patches were aiso

increased substantially in all the AGP-3 transgenic mice.

Following gross dissection, tissues were removed and fixed in 10%

S buffered 2h-FormaUn for histological examination. The tissues collected

were liver, spleen, pancreas, stomach, the entire gastrointestinal tract,

kidney, reproductive organs, skirt and mammary glands, bone, brain,

heart, lung* thymus, trachea, esophagus, thyroid, adrenals, urinary

bladder, lymph nodes and skeletal muscle. After fixation, the tissues were

X 0 processed into paraffin blocks, and 3 pm sections were obtained. A!l

sections were stained with hematoxylin and exosln, and subject to

histologic analysis, The size and the number of the follicles in the spleen,

lymph nodes and Peyer's patches were increased significantly in the AGP-

3 transgenic mice (Figure 5, 6 and 7). The spleen, lymph node and Peyer's

15 patches of bom the transgenic and the control mice were subject to

immunohistobgy analysis with B cell and T cell specific antibodies. The

formalin fixed paraffin embedded sections were deparaffkuated and

hydrated to deionized water. The sections were quenched with 3%

hydrogen peroxide, blocked with Protein Block (Upshaw, Pittsburgh, PA),

2 0 and incubated in rat monoclonal anfcwnouse B220 and CD3 (Harlan,

Indianapolis, IN), respectively. The binding was detected by biotinytated

rabbit antral immunoglobulins and peroxidase conjugated streptavidin

(BioGenex, San Ramon, CA) with DAB as chromagen (BioTek, Santa

Barbara, CA). Sections were counterstained with hematoxylin. TheB cell

2 S numbers, as indicated by positive B22Q staining, increased significantly in

the spleen, lymph nodes and Feyer's batches (Figure 5, 6, and 7). TheT cell

numbers, as indicated by the anti-CD3 staining, were slightly decreased

There were no differences in the morphology of the thymus between the

• transgenic and the control group. By immunohistology, the Ted!
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population was similar in numbers. At 8 weeks of age, there are no

distinctive morphologic changes in the liver, kidneys, or urinary, central

nervous, hematopoietic, skeletal, respiratory, gastrointestinal, endocrine,

or reproductive systems.

After necropsy, MLN and sections of spleen and thymus from 10

AGP-3 transgenic mice (animals 3, 6, 9, 10, 13, 38, 40, 58, 59 .and 62) and 5

control litterrnates (animals 7, 8, 11, 12, and 34} were removed. Single cell

suspensions were prepared by gently grinding the tissues with the flat end

of a syringe against the bottom of a 100 jim nylon cell strainer (Becton

Dickinson, Franklin Lakes, NT), Cells were washed twice in a 15 ml

volume then counted. Approximately 1 million cells from each tissue was

stained with 05 jig antibody in a 100 ul volume ofFBS (without Calcium

and Magnesium) + 0.1% Bovine Albumin + 0-01% Sodium Aside. All

spleen and MLN samples were incubated with 03 ug CD16/32{Fr)flII/n)

Fc block in a 20 jj! volume for 10 minutes prior to the addition ofHTC or

FE-conjugated monoclonal antibodies against CD902 {ThyA2), CIH5R

(B220), CDllb{Mac-l), Gr-1, €04, or CDS (PharMingen, $an Diego. CA) at

2*8 "C for 3D mirL The cells were washed then analyzed by flow cytometry

using a FACScan (Becton Dickinson, San Jose, CA). Thymus samples were

stained witii HTC conjugated anfrThy-1XHTC conjugated anti-CD4, and

PH conjugated anti-CDS (FhaxMingen, San Diego, CA).

In the MLN of the AGP-3 transgenic mice, the percentage of B220

positive B cells increased by 100% (Hgure 6), The percentage of the Thy-

1-2 positiveT cells decreased approximately 36%, with similar reductions

in both CD4(+) and CDS{+) populations. The helper CD4(+) / suppressor

CD8[+) ratio remained unchanged Similar increases in B cell and

reductions in T cell populations were also observed in the spleens of the

AGP-3 transgenic mice (Figure 8), though to a lesser extentNo obvious

changes in staining with anti-CDllb or anb'-Gr-l antibodies were
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observed m the lymph node and spleen between the transgenic and the

control group. In the thymus, there were no differencesm the percentages

of Thy-L2(+), CD4{+), CD8M or CD4(+)CDB(+) population* between the

AGP-3 transgenic and the contra! mice.

Abbreviations

Abbreviations as used throughout this specification are defined as

follows, unless otherwise defined in specific instances.

CDR complementarity determining region

EST expressed sequence tag

OR? open reading frame

SOS sodium dodecyi sulfate

TNF tumor necrosis factor

* * *

While the present invention has been described in terms of the

preferred embodiments, it is understood that variations and modifications

will occur to those skilled in the art. Therefore, it is intended that the

appended claims cover all such equivalent variations that come within the

scope of the invention as daimed
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What is claimed is:

1. Ait isolated or recombinant polypeptide having a sequence comprising

SEQIDNO:25.

2. The polypeptide ofGaim 1, further comprising SEQ 3D NO; 26.

5 3. The polypeptide of Oaim! having a sequence comprising SEQ ID NO:

27,

4. The polypeptide ofGmm 1 having a sequence comprising SEQ ID NO:

5,

5. A po]ypeptide of Claim. 1 capable of eliciting B cell growth, survival, or

1 0 activation in mesenteric lymph nodes.

6. The polypeptide of Claim 5, wherein the sequence comprises SEQ ID

NO.1

7. The polypeptide of Claim 5, wherein She sequence comprises SEQ ID

NO: 4,

15 8. The polypeptide of Oaim 5, wherein the sequence further comprises

fl theC through 1 region ofSEQ ID NO: 6.

9- An isda!ed nucleic add encoding a protein of any of Claims 1 to 8-

+Z 10. The roiclek acid of Claim 9 including one or more codons preferred for

E^flpfejSSU expression.

20 11, The nucleic add of Oaim 9 having a detectable labd attached thereto.

12, An expression vector comprising the nucleic add ofOaim 9.

13, An expression vector comprising the nuddc add ofOaim 10.

14, A host cell transformed or transfecied with the expression vector of

CbimlZ

25 15.A host cell transformed or rrartsfected with the expression vector of

Qaim 13.

1 6. The hosl cell of Oaim 14, wherein the cell is a prokaryottc ce!L

17. The host cell of Qaim 15 wherein the cell is a prokaryotk cell.

15, The hosi cell of Claim 16, wherein the cell is EsdttDChia. CPJi.
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19. The host cell of Claim V, wherein the cell is Bskmsfaia^fioU-

20.A process for producing an AGP-3 protein comprising:

(a) growingunder suitable nutrient conditions host cells transformed

or transited with the nucleic add ofGaim 9; and

(b) isolating the polypeptide product of the.expression of the nucleic

add

23 . A polypeptide produced by the process ofGaim 20,

77 Theprotein of any of Claims 1 to 8, wherein the protein has been

covalently modified with a water-soluble polymer.

23. The protein of Oaim 72 wherein the polymer is polyethylene glycoh

21 An antibody or fragment thereof which specifically binds the

polypeptide ofClaim 1*

25. The antibody of Gaim 24 which is a monoclonal antibody,

26. A method for detecting the presence of an AGP-3 related protein in a

biological sample comprising:

(a) incubating the sample with the antibody of Gaim 24 under

conditions that aSow binding bf the antibody to the AGP-3 related

protein; and

(b} detecting the bound antibody*

27. A method to assess the ability of a candidate compound to bind to an

AGP-3 related protein comprising:

(a) incubating the AGP-3 related protein with the candidate compound

under conditions that allow binding; and

(b) measuring the bound compound

28. The method ofQaim 27 wherein the compound is an agonist or an

antagonist of an AGF-3 related protein.

29. A method of regulating expression of an AGP-3 related protein in an

animal comprising administering to the animal a nucleic add

complementary to the nucleic arid of Qaim 9.

'
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30.A pharmaceutical composition comprising a therapeutically effective

amount of a protein of Claim 1 in a prisrmaceutically acceptable

earner, adjuvant, so'ubiKzer, stabilizer and/or anti-oxidant

31. A method of modulating B cell growth, i^rrvival, or activation in a

mamma] comprising adinir&tering a therapeutically effective amount

of a modulator of the protein of Claim 1.

31 The method of Claim 31 wherein the modulator is an antibody, or

fragment thereof, which specifically binds an AG3P-3 related protein.
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TNF-RELATED PROTEINS

AfestaacJ

A novel member of the tumor necrosis factor family is described. This

member is primarily expressed in B cells and its expression correlates to

increases in the number of B ceils and immunoglobulins produced. The

natural, preferred human ortholog is here called AGP-3 and contains 2BS

amino adds, the mouse 309 amino adds. The protein is a type U

transmembrane protein and has an amino terminal cytoplasmic domain, a

transmembrane domain, and a carboxy terminal extracellular domain.

TNF-related proteins of the invention may be membrane-associated or in

soluble form, recombirtantly produced or isolated after natural

production. The invention provides for nucleic acids encoding suchlKf^

related proteins, vectors and host cells expressing the polypeptides, and

methods for producing recombinant proteins. Antibodies or fragments

thereof that spetifieally bind the proteins are also provided.
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FIGURE 3

Alignment of human and murine AGP3 protein sequences

HagpS HDDSrHLEQ SHLTSGLKKa EEKKLKHTVS ILFRJCESPSV RSSKDCK^
Hagp3 MUESAKTLPP FCLCFC3EKG EDSKVGTOPI TPQREEGAWF
cons H&.3 l,.C,X E,HK. * DG.LLA

H&EFP3 ATLLLXppSC C^TWSFYOV AALQGU1A5L RAELQGHHAE KLFAGAGAFK
Kagp3 A^LLLALfrSS SF^XM^yQL AALDASLKHI. EMELOSYRGS ATPAAAGAPE
eons AtLUALLS- , ,T-,S*yQ T *ALQ.flL...L R.ELQ PA.AGAP.

Hagp3 AGLEEAPAVT A5LKIFEPPA PGEGNSSOHS RNXRAVJCTPE ET
Kagp3 LT AGVKLLTPAA FttPKNSSRGH RtflUUfOGPE ETEqta/gtSA
cons T AG.K...P.A P.^.HSS... RH,RA,0GP£ Ef

a
Hagp3 VTQEGLQ LIAJJSETPT3 OKCSTTFVTH
Haypl PPAPCLPGCR HSQHDBNCHH UWriQCClfl T.TP.nTDTPTI RKGTinTVPW
cono {JDCLQ LiABS.TFTI .KC.lfTFVFW

Hayp3 LLS^RGSyi £E*E*«IL3ff STGYFnYfiO JELTTIiSTC&J SHLIOaWVK
«agp3 IXSDWStaL EEKEMKIiDfR QTEEEEUCSQ JtLTTtiPIEAii £H3£IGWUtVH
COftS LL5FW«J,M. £E&mX.V, .TWFIY.Q VLtTD. . .AM GH.ICSKKVri

Hogp3 VFQEELSI^r L£ECIflNWPE TLOIBSCCSi GIMaEl^ns LQUlPRENA.
Magp3 VFGPELSIrVT LBCIQMMPX TLFNflSCYSA J^MLESEES IGL&I?R3*A
coos VFGDSLSLVT LFRCIQJWP. TLPHHSOfSA CIX-HISEE ,QLA1PHENA

cons QIS,.GD.TF.FCAWCLL



FIGURE 4

Tissue Disirifaution of Human AGP3



FIGURE 5

93M297 HH5 - control spleen, B220, 2x 98M297 HH5 • expressor spleen. B220, 2x

9BM297 HHS - control spleen, CD3, 2x 98M297 HH5 - expressor spleen, CD3„ 2x
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FIGURE S
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FIGURE 9
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